Background: Short trials of calcium supplementation show that it reduces loss of bone density in postmenopausal women; longer observational studies do not generally find a lower risk of hip fracture with higher-calcium diets. Fewer studies have focused on vitamin D in preventing postmenopausal osteoporosis or fractures. Objective: We assessed relations between postmenopausal hip fracture risk and calcium, vitamin D, and milk consumption. Design: In an 18-y prospective analysis in 72 337 postmenopausal women, dietary intake and nutritional supplement use were assessed at baseline in 1980 and updated several times during follow-up. We identified 603 incident hip fractures resulting from low or moderate trauma. Relative risks (RRs) from proportional hazards models were controlled for other dietary and nondietary factors. Results: Women consuming ≥ 12.5 g vitamin D/d from food plus supplements had a 37% lower risk of hip fracture (RR = 0.63; 95% CI: 0.42, 0.94) than did women consuming < 3.5 g/d. Total calcium intake was not associated with hip fracture risk (RR = 0.96; 95% CI: 0.68, 1.34 for ≥ 1200 compared with < 600 mg/d). Milk consumption was also not associated with a lower risk of hip fracture (P for trend = 0.21). Conclusions: An adequate vitamin D intake is associated with a lower risk of osteoporotic hip fractures in postmenopausal women. Neither milk nor a high-calcium diet appears to reduce risk. Because women commonly consume less than the recommended intake of vitamin D, supplement use or dark fish consumption may be prudent.
INTRODUCTION
Calcium has been the primary focus of nutritional research for the prevention of postmenopausal osteoporosis. Numerous clinical trials of calcium supplementation showed that it can reduce bone loss (1) (2) (3) (4) and lower the risk of bone fractures (5) (6) (7) (8) . However, concomitant treatment with vitamin D makes it difficult to attribute benefits to calcium per se, and the increment in bone density in the first year or two of calcium supplementation may not substantially increase with continued treatment (9, 10) . In contrast with the clinical data, most observational studies did not find a significant association between calcium intake and fracture risk (11) (12) (13) (14) (15) (16) (17) or bone loss (18) , although a reduced risk of hip fractures was reported in one study (19) . Primarily on the basis of the clinical evidence, the Food and Nutrition Board of the National Academy of Sciences raised the adequate intake for calcium in women > 50 y of age to 1200 mg/d (20) .
At low-to-moderate calcium intakes, vitamin D is essential for calcium absorption, yet vitamin D insufficiency is common among older adults (21, 22) . In comparison with calcium, few clinical trials have focused on vitamin D and postmenopausal osteoporosis. Reductions in bone loss at the spine (23) and femoral neck (24, 25) were reported, although benefits from additional vitamin D may be seen only at low calcium intakes (26) . For fractures, overall incidence was significantly reduced with an annual injection of vitamin D in one study (27) ; another found no effect of daily vitamin D supplementation on the risk of hip fractures (28) . On the basis of available research on the amount of dietary vitamin D required for maintenance of normal serum concentrations of 25-hydroxyvitamin D, the Food and Nutrition Board recently set the adequate daily intake at 10 g for women 51-70 y of age and 15 g for women > 70 of age (20) .
Milk is a primary source of calcium and vitamin D and therefore might be expected to decrease osteoporotic bone loss and fracture risk, yet research has not generally supported this assumption. Evidence from clinical trials and case-control studies has been mixed (29) (30) (31) (32) (33) (34) , and several observational studies found no decrease in risk of bone fracture with higher consumption of milk and dairy foods (15, 35, 36) . A review of the literature concluded that there is no clear benefit of higher milk or dairy food intake on bone mass or fracture risk in women > 50 y of age but that a benefit is seen in women < 30 (37) .
In the present study, we examined calcium and vitamin D intakes, milk consumption, and use of calcium supplements during 18 y of follow-up in a large cohort of postmenopausal women with repeated measures of dietary intake and supplement use. This analysis expands on our earlier research over 12 y of follow-up in this same cohort in which we reported no protective effect against hip fractures from higher consumption of milk or food sources of calcium during the adult years (15) .
SUBJECTS AND METHODS
The Nurses' Health Study (NHS) cohort was formed in 1976 when 121 700 married female registered nurses in 11 US states responded to an initial mailed questionnaire. The women provided a medical history and information on lifestyle and other risk factors related to cancer, heart disease, and other health outcomes. Approximately 98% of the women are white. Follow-up questionnaires have been mailed every 2 y to update individual data and to identify incident diseases. Dietary intake was initially assessed in 1980 and again in 1984, 1986, 1990, and 1994 . Multivitamin use was included on the questionnaire in 1980, and use of a specific calcium or vitamin D supplement was first added in 1982; multivitamin and supplement use were then included on all subsequent biennial questionnaires. At least 90% of the cohort has responded in each questionnaire cycle. Deaths are confirmed through the National Death Index (38) .
This analysis began in 1980 with the postmenopausal women who responded to the initial dietary questionnaire and had not reported a previous hip fracture or a diagnosis of cancer, heart disease, stroke, or osteoporosis (n = 27 532). Eligible premenopausal women entered analysis in the follow-up cycle in which they became postmenopausal. A total of 72 337 women contributed to this study with follow-up through 1998. The NHS was approved by the Institutional Review Board of the Brigham and Women's Hospital, Boston, and the subjects gave their written informed consent.
Hip fractures
Participants were asked to report all previous hip fractures (date, exact bone site, and circumstances leading to the fracture) on the 1982 questionnaire, and incident fractures were reported on subsequent biennial questionnaires. Cases in this study included only fractures of the proximal femur that were caused by low or moderate trauma (eg, slipping on ice, falling from the height of a chair). Fractures caused by high trauma (eg, skiing, falling down a flight of stairs) were excluded from analysis (ഠ15% of the reported fractures). Over the 18 y of follow-up, we identified 603 hip fracture cases among the study population. The median age at fracture was 65 y. We relied on self-reported hip fractures in this cohort of registered nurses. In a small validation study, all 30 reported hip fractures were confirmed by medical records (39) .
Diet and supplement use
Diet was assessed with a semiquantitative food-frequency questionnaire (FFQ) on which participants reported their frequency of consumption for specified foods over the previous year. Dairy foods on the FFQ included milk (whole, low fat, and skim), cheese (cottage or ricotta, cream cheese, and other cheese), cream or sour cream, yogurt, ice cream, and frozen yogurt or low-fat ice cream. Dietary nutrient intakes (ie, calcium, vitamin D, retinol, protein, vitamin K, alcohol, and caffeine) were calculated on the basis of the nutrient content of foods derived primarily from US Department of Agriculture sources and supplemented with data from food manufacturers and published research.
Total nutrient intakes were calculated by adding the amounts from multivitamins and from specific supplements to the intakes from food. Participants provided the name brand of multivitamins and the number of tablets taken per week. For calcium supplements, participants specified their dose per day (< 400, 400-900, 901-1300, or ≥ 1300 mg). Reported use of a specific vitamin D supplement was assumed to be 10 g/d.
Nutrient intakes that are correlated with total energy intake (all except alcohol and caffeine) were adjusted for total energy with the use of regression analysis (40) . To generate the best estimates of long-term intake, values were cumulatively updated in the statistical analyses. That is, at the beginning of every 2-y follow-up cycle, each nutrient intake was calculated as the mean of all reported intakes up to that time. Cumulative updating ceased when a woman reported a diagnosis of osteoporosis because it was likely that she would then change her diet or begin using supplements. During the 18 y of follow-up, 7466 women (10%) reported a diagnosis of osteoporosis.
The accuracy of the food and nutrient intakes from the FFQ was assessed in several validation studies. In a comparison of the baseline 1980 FFQ with four 1-wk diet records among 173 NHS women, correlations were 0.81 for skim or low-fat milk and 0.62 for whole milk (41) . For dietary calcium, the correlation was 0.75 when intakes from the 1986 FFQ and two 1-wk diet records were compared among 191 NHS women (42) . To assess the accuracy of our measure of vitamin D intake, we compared it with serum concentrations of 25-hydroxyvitamin D among 343 NHS women. Although serum concentrations are influenced by sun exposure as well as diet, we found a positive correlation of 0.25 (P < 0.001).
Nondietary measures
Postmenopausal hormone use, smoking (including number of cigarettes/d), and weight data were requested on all biennial questionnaires, and body mass index (in kg/m 2 ) was calculated by using the height reported on the initial 1976 questionnaire. Physical activity was reported in 1980, 1982, 1986, 1988, 1992, 1994, and 1996 , and the number of hours per week spent in moderate or vigorous leisure-time activities was totalled. Use of thiazide diuretics and thyroid hormone (13% and 12%, respectively, of the study population) was not associated with either calcium or vitamin D intake and was therefore not included in analyses. Steroid use was not ascertained until 1994. Although use was higher among subsequent hip fracture cases (8%) than among noncases (2%), it was unrelated to intakes of calcium and vitamin D, and results were unchanged when steroid users were excluded from analyses.
Statistical analysis
Each participant contributed person-time from the return date of the 1980 questionnaire or the questionnaire on which she first became postmenopausal until the occurrence of a hip fracture, death, or the end of follow-up on 1 June 1998. A total of 860 355 person-years was accrued from the 72 337 women in this analysis. Current exposure and covariate data were used to allocate person-time to the appropriate category for each variable at the beginning of every 2-y follow-up cycle. Age-adjusted incidence rates were calculated within categories of calcium, vitamin D, and the other food and nutrient exposures, and relative risks (RRs) were calculated as the ratio of the rate in each upper category compared with the rate in the lowest category. We used Cox proportional hazards models (43) to compute multivariate RRs, adjusting simultaneously for the other risk factors for hip fracture. To assess a dose-response effect, a P value for linear trend was determined by entering the exposure variables into the models as continuous values. Tables 3 and 4. 2 One glass of milk = 240 mL or 8 fluid oz. 
RESULTS
Milk consumption and intakes of calcium and vitamin D from food were fairly stable among the postmenopausal women in the study population over the 18 y of follow-up. Mean daily intakes were ഠ240 mL (one glass) milk, 730 mg Ca from food, and 5 g vitamin D from food. During follow-up, multivitamin use increased from 35% to 53% of the population and calcium supplement use increased from 14% to 51%, and < 5% of the population ever reported use of vitamin D supplements.
At the final dietary assessment in 1994, calcium supplements contributed 27% of the total calcium intake and multivitamins contributed 37% of the total vitamin D intake. On the basis of the standards set by the Food and Nutrition Board of the National Academy of Sciences (20) , only 36% of the NHS women had an adequate calcium intake and only 41% had an adequate vitamin D intake.
Age-standardized characteristics of the study population by calcium, vitamin D, and milk intakes are shown in Table 1 . Multivitamin and calcium supplement use were high among the women in the highest consumption categories for total calcium (60% and 72%, respectively) and total vitamin D (85% and 58%, respectively), and multivitamin use was also more likely among women with diets that were already higher in calcium or vitamin D. Consistent with multivitamin and calcium supplement use, use of postmenopausal hormones was more common among those with the highest total calcium and vitamin D intakes. Women with the lowest milk consumption and the lowest dietary calcium and vitamin D intakes were more likely to smoke and consume alcohol.
The correlations between calcium and vitamin D intakes and the nutrients that come from common dairy and multivitamin sources and that were used as covariates in the multivariate models are shown in Table 2 . The highest correlation was between total vitamin D and retinol intakes (r = 0.76). Total calcium was also highly correlated with total (r = 0.61) and dietary (r = 0.58) vitamin D.
RRs of hip fracture by calcium and vitamin D intakes are shown in Table 3 . After age was adjusted for, the first multivariate models (multivariate 1) were adjusted for the nonnutrient covariates and the nutrients that are not supplied by dairy foods and multivitamins. Protein, retinol, and total calcium or vitamin D were 1 Diet was assessed in 1980, 1984, 1986, 1990, and 1994 . Nutrient intakes were cumulatively updated over follow-up. Total intakes include multivitamins and supplements. Dietary intakes are from food sources only.
2 Relative risks were adjusted for age. 3 Relative risks were adjusted for age, BMI, postmenopausal hormone use, physical activity, smoking, calcium supplement use (dietary calcium model only), multivitamin use (dietary vitamin D model only), and intakes of vitamin K, alcohol, and caffeine. 4 Relative risks were adjusted for protein intake plus factors in footnote 3. 5 Relative risks were adjusted for retinol intake plus factors in footnote 3. 6 Relative risks were adjusted for total vitamin D intake (total and dietary calcium models only) or total calcium intake (total and dietary vitamin D models only) plus factors in footnote 3.
7 Relative risks were adjusted for intakes of protein, retinol, total vitamin D (total and dietary calcium models only), and total calcium (total and dietary vitamin D models only) plus factors in footnote 3.
8 P for linear association.
then added individually to show how each affects the RRs. The final model (multivariate 2) includes all covariates simultaneously. Although higher total calcium intake from food plus supplements was associated with a lower risk of hip fracture in the simple age-adjusted analysis, no inverse association remained in the multivariate 1 model. The RR for hip fracture was 0.90 (95% CI: 0.67, 1.21; P for trend = 0.34) for women consuming ≥ 1200 mg/d compared with those consuming < 600 mg/d. No one variable was primarily responsible for attenuation of the age-adjusted results; the addition of physical activity, smoking, and postmenopausal hormone use all increased the RR. Further addition of protein, retinol, and total vitamin D to the model had little effect on the RR associated with total calcium intake (RR = 0.96; 95% CI: 0.68, 1.34; P for trend = 0.52).
When calcium intake was limited to food sources only, we observed the same attenuation of the age-adjusted results when the multivariate 1 covariates were added to the model, and no evidence of an inverse association between dietary calcium and hip fractures remained in the final multivariate 2 model with protein, retinol, and total vitamin D (RR = 1.08; 95% CI: 0.78, 1.49 for ≥ 900 compared with < 500 mg/d; P for trend = 0.51). Although this analysis was adjusted for calcium supplement use, we performed an alternate analysis, excluding women when they reported using calcium supplements, to better focus on the effects of dietary calcium. However, a dietary calcium intake of ≥ 900 mg/d was still not associated with any reduction in fracture risk (RR = 1.33; 95% CI: 0.79, 2.23; P for trend = 0.67).
To further examine total calcium, we performed a separate analysis limited to women ≥ 65 y of age but still failed to find evidence of a reduced risk of hip fracture with a daily intake of ≥ 1200 mg (RR = 0.87; 95% CI: 0.54, 1.41; P for trend = 0.45). There was also no significant reduction in risk with intakes of ≥ 1500 mg/d (RR = 0.83; 95% CI: 0.50, 1.38). Previous research showed that a high calcium intake potentiates the positive effect of estrogen on bone mass (44) . We did find the suggestion of a lower risk of hip fracture among women currently using postmenopausal hormones who had a total calcium intake of ≥ 1200 mg/d (RR = 0.61; 95% CI: 0.36, 1.02) than among the hormone users consuming < 600 mg/d (RR = 0.80; 95% CI: 0.49, 1.32) when both were compared with the women not taking postmenopausal hormones and with a daily calcium intake of < 600 mg, although the results were not statistically significant.
As observed for calcium, the inverse (nonsignificant) association between total vitamin D intake and hip fractures was attenuated after the multivariate 1 covariates were adjusted for (Table 3) . However, after further adjustment for retinol, a significant inverse association was evident. In the final multivariate 2 model, a total intake of ≥ 12.5 g vitamin D/d was associated with a 37% lower risk of hip fracture (RR = 0.63; 95% CI: 0.42, 0.94; P for trend = 0.09) than was a daily intake of < 3.5 g. The addition of retinol to the model did not create instability; the SEs associated with the RRs for total vitamin D did not increase. We also checked for interaction between total vitamin D and retinol, but the interaction was not significant (P = 0.61) and it did not change the main effects of vitamin D and retinol.
Dietary vitamin D provided further evidence of a protective effect. The addition of any covariates did little to attenuate the ageadjusted results. In the final multivariate 2 model, ≥ 6.25 g dietary vitamin D/d was associated with a 43% lower risk of hip fracture (RR = 0.57; 95% CI: 0.41, 0.78; P for trend < 0.001) than was an intake of < 2.5 g/d. Although sun exposure may also contribute substantially to vitamin D status, we observed an inverse association between both total and dietary vitamin D intakes and hip fractures among women living in the southern states and among those living in the northern states.
Adequate vitamin D is necessary for maximal absorption of calcium and is most essential at lower calcium intakes. Therefore, we examined total calcium and vitamin D together as a 9-category variable, with 3 calcium intakes (< 600, 600-999, and ≥ 1000 mg/d) and 3 vitamin D intakes (< 5, 5-9.9, and ≥ 10 g/d). Women in the low-calcium but high-vitamin D category (RR = 0.54; 95% CI: 0.28, 1.05) and in the high-calcium and high-vitamin D category (RR = 0.74; 95% CI: 0.50, 1.07) had a nonsignificantly lower risk of hip fracture than did women in the low-calcium and low-vitamin D category. There was no reduction in risk among those in the high-calcium but low-vitamin D category (RR = 1.27; 95% CI: 0.77, 2.11).
Milk is a major food source of calcium and vitamin D, contributing ഠ36% of the dietary calcium and 42% of the dietary vitamin D in this population. It also contributed significant amounts of retinol (ഠ19%), which was previously associated with an increased risk of hip fracture in this cohort (45) . In the present study, higher milk consumption conferred a weak, nonsignificant reduction in fracture risk ( Table 4) . Women consuming ≥ 360 mL (1.5 glasses)/d had an RR of 0.83 (95% CI: 0.61, 1.10) compared with women who consumed < 240 mL (1 glass)/wk. However, we did not observe a doseresponse relation (P for trend = 0.21), and with higher daily intakes of ≥ 600 mL (2.5 glasses) milk, there was still no evidence of a protective effect (RR = 0.86; 95% CI: 0.63, 1.18). These analyses were not controlled for calcium, vitamin D, or retinol intakes because milk is a package containing all these nutrients, but they were adjusted for the use of multivitamins, calcium, and vitamin A supplements. As we did for dietary calcium, we reanalyzed milk consumption among women who never used calcium supplements, but we continued to find no evidence of an inverse association with hip fractures (RR = 1.10; 95% CI: 0.73, 1.63 for ≥ 360 mL (1.5 glasses)/d).
In contrast to milk, dark fish (eg, swordfish, salmon, bluefish, mackerel, sardines), a good source of vitamin D, was associated with a 33% lower risk of hip fracture (RR = 0.67; 95% CI: 0.35, 1.28) when consumed > 1 time/wk than when consumed < 1 time/mo (Table 4) . Although this categorical risk reduction was not statistically significant, the dose-response relation was significant (P for trend = 0.03). Dark fish contributed 12% of the dietary vitamin D in this cohort. 1 Relative risks were adjusted for age. 2 Relative risks were adjusted for age, BMI, postmenopausal hormone use, physical activity, smoking, multivitamin use, calcium supplement use (milk model only), vitamin A supplement use (milk model only), and intakes of total calcium (dark fish model only), retinol (dark fish model only), protein, vitamin K, alcohol, caffeine, and total energy.
3 Consumption was assessed in 1980, 1984, 1986, 1990 , and 1994, and frequency of intake was cumulatively updated over follow-up from 1980 to 1998. Frequency is based on a 240-mL (8-fluid oz) glass.
4 P for linear association. 5 Consumption was assessed in 1984, 1986, 1990 , and 1994, and frequency of intake was cumulatively updated over follow-up from 1984 to 1998. Frequency is based on an 85-142-g (3-5-oz) serving.
It is difficult to evaluate associations between calcium supplement use and hip fractures in an observational study because women at higher risk or with a family history of osteoporosis are more likely to take supplements, thereby driving a possible inverse association toward the null. Current use of calcium supplements was not associated with a lower risk of hip fracture in this population (RR = 1.01; 95% CI: 0.84, 1.23). Because previous research showed that gains in bone mineral density with calcium supplementation in older women are lost within 2 y after discontinuation of the supplement (46), we compared the women in this population who were continuous calcium supplement users during follow-up with the women who never used calcium supplements. The continuous users had a modest but not significantly reduced risk of hip fracture (RR = 0.80; 95% CI: 0.49, 1.28). The reduction was more substantial when the analysis was limited to women with dietary calcium intakes < 625 mg/d (RR = 0.38; 95% CI: 0.15, 0.99), although the interaction between calcium supplement use and dietary calcium was not significant (P = 0.34).
DISCUSSION
In this prospective study of postmenopausal women, we observed a significantly lower risk of hip fracture among those with higher vitamin D intakes, whether from food alone or from food plus supplements. Overall, calcium intake did not appear to be associated with fracture risk.
Adequate vitamin D is important in the prevention of postmenopausal bone loss. At low-to-moderate intakes, calcium absorption is largely dependent on the action of 1,25-dihydroxyvitamin D for active transport. Insufficient vitamin D leads to reduced calcium absorption, elevated blood concentrations of parathyroid hormone, and increased rates of bone resorption, which over time may lead to bone fracture. Casecontrol studies showed that older people who experience a hip fracture have lower serum concentrations of 25-hydroxyvitamin D than do those without a fracture (47) .
Vitamin D insufficiency is common among older adults, with reported prevalences between 25% and 50% of the population (21, 22) , and is particularly high among the institutionalized elderly. Skin exposure to sunlight is a major source of vitamin D, but older adults may spend little time in the sun, and the increased use of sunscreens to prevent skin cancers significantly reduces cutaneous production (48) . Also, synthesis of vitamin D is absent during the 3 or 4 mo of winter in higher latitudes (49) . With aging, vitamin D status may be further compromised by a decreased capacity of the skin to manufacture cholecalciferol (50), a reduced ability of the liver or kidney to hydroxylate vitamin D to its metabolically active form (51), or a lower consumption of dairy foods or diminished intestinal absorption of vitamin D (52) .
Dietary supplementation with vitamin D in older women was shown to improve bone health. Among healthy postmenopausal women in the United States, a significantly greater improvement in spinal bone density was seen after 1 y with a daily intake of 12.5 g (0.85%) than with 2.5 g (0.15%) vitamin D (23) , and women supplemented with 17.5 g/d for 2 y lost significantly less bone density at the femoral neck (1.1%) than did those with a 2.5-g vitamin D supplement (2.5%; 24). In Denmark, supplementation in elderly women with 10 g vitamin D/d increased bone mineral density at the femoral neck by 2.6% after 2 y (25), although in a recent trial, 15 g 25-hydroxyvitamin D/d did not perform as well as 750 mg Ca in attenuating femoral bone loss over 4 y because its effects were seen only at low calcium intakes (26) . In an elderly Finnish population, the overall fracture rate was significantly reduced after 4 y with an annual injection of 150 000-300 000 IU ergocalciferol (27) , yet incidence of hip fractures was not affected by daily supplementation with 10 g vitamin D for > 3 y among elderly Danish men and women (28) .
Vitamin D deficiency can lead to loss of muscle strength (53) and an increased likelihood of falling, which in turn increases the risk of hip fracture (54) . In 1990, we asked participants if they had difficulty with their balance, and in 1998, we asked for the number of times they fell in the past year. Neither measure was associated with calcium or vitamin D intake and therefore would not be expected to influence the risk of hip fracture associated with these nutrients.
Sufficient calcium intake is necessary to replace obligatory losses. Otherwise, the body will extract calcium from the bone to maintain calcium balance. Numerous clinical trials showed reduced bone loss and fracture risk with calcium supplementation (1-10), particularly in cortical bone (55) and among older postmenopausal women and women with low-calcium diets (56) . However, many of the clinical protocols also included vitamin D supplements, making it difficult to discern the relative benefits of the 2 treatments. One 4-y trial that did compare calcium (750 mg/d) and oral 25-hydroxyvitamin D (15 g/d) treatments in older men and women found calcium to be more beneficial (26) ; the calcium group experienced minimal loss of bone density at the hip (1.0%), whereas the loss in the vitamin D group (2.7%) was more similar to that in the placebo group (3.0%). In the present study, our data from the NHS cohort were not consistent with this finding. We observed a lower risk of hip fracture with a higher calcium intake only when accompanied by a higher intake of vitamin D.
Longitudinal studies have not generally supported the clinical research on calcium intake. Most found no significant association with bone loss or fracture risk (11) (12) (13) (14) (15) (16) (17) (18) . One major difference between these 2 types of research is the length of study. Over the 1 or 2 y of most clinical trials, the bone remodeling space can assimilate the additional calcium, thereby slightly increasing measured bone density, typically by ഠ2%. However, density does not continue to increase greatly once this space is filled, and gains in bone density are lost when the calcium supplementation ends. Several clinical trials noted that most of the reduction in bone loss with calcium supplementation occurred in the first year (9, 10) , and 2 y after one of these trials ended, there were no lasting benefits in density at any bone site (46) .
The lost benefit in bone density after withdrawal of calcium supplementation or a high-calcium diet might help to explain the lack of association between calcium intake and hip fractures in observational studies. Most of these studies identify hip fractures over many years, yet diet is typically assessed only once at baseline, despite the likelihood that food consumption and calcium supplement use may change over time. However, in the present study, dietary intake was assessed 5 times and supplement use was updated every 2 y over the 18 y of follow-up, and in analyses we calculated a long-term measure of total calcium intake with cumulative intake data. Still, we found no evidence that higher calcium intake is associated with a reduced risk of hip fracture. However, among the NHS women with low dietary calcium, continuous use of calcium supplements was associated with a lower risk of fracture, consistent with the hypothesis that a steady intake of sufficient calcium is necessary for maintenance of bone health.
Milk is a good source of both calcium and vitamin D, yet fortified milk also contains significant amounts of vitamin A, which has been associated with an increased risk of hip fracture (45, 57) . In this study among postmenopausal women, milk was not associated with a decreased risk of hip fracture, even among those drinking 600 mL (2.5 glasses)/d. It is possible that we did not observe an inverse association because the women who selected to consume more milk did so because they were known to be at higher risk of osteoporosis. However, previous research also did not provide clear evidence to suggest that higher milk consumption during the adult years reduces osteoporotic bone loss or fracture risk. In a review of the literature (37), only 2 of 14 studies in adults > 50 y of age showed a positive association between dairy foods and bone health. In one of these positive studies, a daily milk powder supplement containing 1 g Ca minimized loss of bone density at the femoral neck (0.2%) compared with a placebo (0.7%) after 2 y in older postmenopausal women (31) ; in the other, low milk consumption was a significant risk factor for hip fracture in women > 50 y of age from several southern European countries, but it did not remain significant in a multivariate analysis (33) . In a subsequent clinical trial among 60 older postmenopausal women, those assigned to drink 4 glasses milk/d sustained less loss of bone density at the greater trochanter (1.5%) after 2 y than did the placebo group (3.0%), although milk did not reduce bone loss at the femoral neck (34) .
The major strength of the present study is the repeated assessment of diet and supplement use over the 18 y of follow-up, which allowed us to calculate average long-term intakes. Another strength is the identification of hip fractures, rather than the measurement of bone density, because fractures are the true public health concern. Our results may be limited to white women and to those residing in latitudes similar to those of the United States.
In conclusion, our study adds to the evidence that adequate vitamin D intake is associated with a lower occurrence of osteoporotic hip fractures in postmenopausal women. A high-calcium diet appears to be of less importance. Although fortified milk is one of the few food sources of vitamin D, high consumption does not appear to substantially reduce the risk of hip fracture, perhaps because of other nutrients in the milk, such as vitamin A, that do not support bone health. Because women commonly consume less than the recommended daily intake of vitamin D and additional exposure to sunlight can increase the risk of skin cancer, use of supplements or more frequent consumption of dark fish may be prudent.
